Abstract. Photoelectric magnitudes and color indices in the Vilnius seven-color system for 152 stars are used to investigate the interstellar extinction in the area of the Aries molecular cloud MBM 12, coinciding with the L1454 and L1457 dust clouds. Spectral types, absolute magnitudes, color excesses, interstellar extinctions and distances of the stars are determined. The plot of interstellar extinction A V versus distance shows that the dust cloud is situated at a distance of 325 pc, at 180 pc from the Galactic plane, and its true diameter is about 11 pc. The interstellar extinction law in the area is found to be normal, typical for the diffuse dust. Ten peculiar or unresolved binary stars and some heavily reddened stars are detected.
INTRODUCTION
A high galactic latitude molecular cloud MBM 12 (Magnani, Blitz & Mundy 1985) in Aries at one time was considered as the nearest to the Sun star-forming region. The molecular cloud partly coincides with two dust clouds L1454 and L1457 (Lynds 1962) . In the same area, Lynds has distinguished two smaller clouds, L1453 and L1458, however their identification seems to be ambiguous. Also, the identification of the Lynds and MBM clouds, given by Magnani et al. (1985) , seems to be not sufficiently correct.
The first estimate of the distance of the Aries dark clouds, done by Duerr & Craine (1982) , was based on star counts on photographs of the area in the V and I passbands. They found evidence for two clouds at the distances of 200-300 pc and 500-800 pc.
Next estimates of the distance of MBM 12 (Hobbs, Blitz & Magnani 1986; Hobbs, Blitz, Penprase, Magnani & Welty 1988) were based on the presence or absence of the interstellar Na I lines in the spectra and the spectroscopic distances for two stars: HD 18404 and HD 18519/20 (ǫ Ari AB). The first of them was found to be at a spectroscopic distance of 60 pc, with no traces of the interstellar Na I. The second star (a visual binary) exhibited a strong Na I absorption, and its distance was accepted to be 70 pc.
Later on, Hearty et al. (2000a,b) have directed attention that the Hipparcos parallaxes place the star HD 18404 at much closer distance -32 pc, while HD 18519/20 was found to be at ∼90 pc. Thus, the limits of the MBM 12 cloud distance were considerably widened. Additional stars closer than 100 pc were looked for the Na I absorption but none was found.
The distance of the MBM 12 cloud was reconsidered by Luhman (2001) by analyzing the data of one of the corner stars -ǫ Ari AB, which has previously provided the upper limit of the cloud distance. This binary star, consisting of A2 IV and A3 IV components, is completely unreddened, i.e., it must be in front of the dust cloud. The presence of interstellar Na lines in its spectrum was explained by the neutral gas wall associated with the Local Bubble. Luhman concluded that the star ǫ Ari AB gives only a lower limit for the distance to MBM 12. After plotting the extinction values A V for 12 stars in the immediate vicinity of MBM 12 against the Hipparcos distances, the author has found only a gradual increase of A V with distance up to 250 pc, with no sharp rise of extinction at the supposed distance of the cloud. The conclusion has been done that the cloud is farther away than 200-250 pc. By comparing the magnitudes of the probable foreground and background M-type dwarfs, Luhman has estimated a cloud distance of ∼275 pc. This value is close to distance of the first cloud of Duerr & Craine (1982) .
For the determination of more exact distance to the cloud, we need reliable distances and extinctions for stars at larger distances. This information can be obtained either from MK classification of stars combined with a two-color photometry or from multicolor photometry alone in a photometric system which is able to classify stars in two dimensions and give the interstellar reddenings of the stars. Such a system, consisting of seven medium-width passbands placed in the optimum positions for the classification of stars of all spectral types, was developed in Vilnius in the sixties of the 20th century. The system is described in detail in the Straižys (1977 Straižys ( , 1992 monographs.
OBSERVATIONS, REDUCTIONS AND CLASSIFICATION OF STARS
152 Aries stars were measured in the seven passbands of the Vilnius system in 2000-2001 with the two telescopes: the 156 cm telescope of the Molėtai Observatory in Lithuania and the 150 cm telescope of the University of Arizona at Mt. Lemmon, Arizona. The area was limited by the following 2000.0 coordinates:
The catalog of magnitudes and color indices and the identification chart for the measured stars are given in Kazlauskas,Černis, Straižys & Laugalys (2002, Paper I) .
For the determination of spectral classes and absolute magnitudes of stars two independent methods were used.
(1) The σQ-method of matching 14 different interstellar reddening-free Q-parameters of a program star to those of about 8400 standard stars of various spectral and luminosity classes, metallicities and peculiarity types (Straižys & Kazlauskas 1993) . The reddening-free Q-parameters are defined by the equation:
and
where m are the magnitudes in four (sometimes three) passbands, m 1 − m 2 and m 3 − m 4 are the two color indices and E 12 and E 34 are the corresponding color excesses. In the medium-band Vilnius system the ratios of color excesses depend slightly on spectral and luminosity classes, and this dependence is taken into account. In calculating the Q-parameters, we used the color excess ratios E 12 /E 34 corresponding to the normal interstellar extinction law (see Straižys 1992) . The extinction law, i.e. the dependence of the extinction on the wavelength, has not been investigated in the Aries dark clouds. However, studies of the extinction law in the adjacent areas in Perseus and Taurus give arguments in favor of the normal law in Aries, at least in the directions where spatial dust density is low (for a discussion see Straižys et al. 2001a,b) . Lower in this section, we give an estimate of the ratio E V −K /E B−V which also seems to be close to normal. The matching of Q-parameters leads to a selection of some standard stars which have a set of Qs most similar to those of the program star. The match quality is characterized by
where ∆Q are differences of corresponding Q-parameters of the program star and the standard, n is a number of the compared Qparameters (in our case, n = 14). If the σQ value is sufficiently small (i.e., the Q differences between the program and the standard star are small), the spectral and luminosity classes of the closest star may be prescribed to the program star. For photometry of Population I stars measured with the 1% accuracy, σQ is usually of the order of ±(0.01 − 0.02) mag. In most cases, for the program star we have accepted the average spectral and luminosity classes of the best fitted standard stars (from two to five).
(2) Interstellar reddening-free Q, Q diagrams calibrated in terms of MK spectral classes and absolute magnitudes M V by Straižys et al. (1982) . In the present study we applied the method (2) mostly for G8-K5 giants and subgiants for which the accuracy of determination of absolute magnitudes by the calibrated Q UP Y , Q XZS and Q XZS ,Q XY Z diagrams is much better than by the method (1). The same method was used for some stars with rare spectral types for which no analog stars were found among the 8400 standards.
Both methods give the accuracy of spectral class ±1 decimal spectral subclass. The errors of absolute magnitudes are within ±0.3 and ±0.5 mag.
The color excesses E Y −V of stars were calculated as the differences between the observed Y -V and the intrinsic color indices (Y -V ) 0 for various spectral and luminosity classes, taken from Straižys (1992, Tables 66-69 and 73) . The distances of stars were calculated by the equation:
where
For the majority of stars the absolute magnitudes were taken from Straižys (1992) tabulation according to the spectral and luminosity classes, with a correction of -0.1 mag, bringing the M V scale to the new distance modulus of the Hyades (V -M V = 3.3, Perryman et al. 1998 ).
The V magnitudes of the stars and the results of photometric quantification (spectral types and absolute magnitudes M V ) are given in Table 1 . The table also contains color excesses E Y −V , extinctions A V , distances r and the classification accuracy σQ. The values of distances at r > 200 pc are rounded to the nearest number multiple of 10. In the column headed "Other sp. types", the table contains spectral types of the stars collected from the literature: the data are taken from the HD, AGK 3 and PPM catalogs. The last column shows that the σQ values for the overwhelming majority of stars are between 0.01 and 0.02 mag, i.e., their classification accuracy is sufficiently good. The Q,Q mark in this column means that the star was classified by the Q, Q diagrams, not by the σQ method.
For the estimation of the ratio R Y V in the area, we have used the V − K color indices measured in the 2MASS survey (Skrutskie et al. 1997) . We have found 25 stars with E Y −V ≥ 0.20 for which K magnitudes are available. Their spectral range is from A5 V to K5 III. For these stars we calculated color indices V − K, taking V from Table 2 , and color excesses E V −K , taking the intrinsic (V −K) 0 from Straižys (1992, Tables 22-24) . The least square solution gives the equation (after rejection of the two reddest K5 III stars):
with a correlation coefficient of 0.65. This equation is not valid for stars with (Y -V ) 0 > 0.9, i.e. cooler than K3 III. For the transformation of the ratio
we need the ratio of color excesses in the Vilnius and BV systems, E Y −V /E B−V . Due to the band-width effect, this ratio slightly depends on spectral type of a star. For A5-G5 stars the ratio is ∼0.80 and for G8-K2 III stars it is ∼0.85. Equation (5) and the ratio E Y −V /E B−V lead to E V −K /E B−V ≈ 2.8 for A5-G5 stars. This value is very close to that given by the normal interstellar extinction law (Straižys 1992 ). According to Cardelli, Clayton & Mathis (1988 , 1989 , the form of the extinction law in the visible and the infrared ranges, defining the ratio R BV , is well correlated with its form in the ultraviolet. Thus, we may accept that in the Aries cloud the extinction law is normal, i.e. it is typical for the diffuse dust. The same conclusion has been done by Andersson & Wannier (1995) by measuring the wavelength of maximum polarization for three stars in the area (our numbers 15, 61 and 100). For the normal interstellar extinction law, the ratio R Y V = A V /E Y −V = 4.16, with a very small dependence on spectral type of the star (Straižys et al. 1996) . We used this value of R Y V to calculate the extinctions A V and distances r given in Table 1 . The expected errors for single stars are: ±0.03 mag for E Y −V , ±0.1 mag for A V and ±15-25% for distance (Straižys et al. 2001a) .
18 stars from our list have trigonometric parallaxes measured by the Hipparcos orbiting observatory. Their HIC numbers are given in the Notes to Table 1 . Among them are two binary stars, not classified photometrically. The standard deviation of the distances for the 10 stars, which are closer than 200 pc, is only ±7 pc. Both distance scales do not show any systematic differences.
INTERSTELLAR EXTINCTION AND CONCLUSIONS
The dependence of extinction vs. distance for the stars in the investigated area is shown in Figure 1 . We have not tried to divide the area into smaller regions of different run of extinction vs. distance, since the number of stars is insufficient for a detailed study. Some stars with low classification accuracy can be identified in Table 1 by the absence of absolute magnitudes, color excesses and distances and the presence of notes. These stars were not used in the extinction study. Probably, most of them are unresolved binaries. They need further individual investigation by spectral analysis, radial velocity measurements, spectral energy distribution modeling, etc.
The following conclusions may be drawn from Figure 1 . (1) The non-zero extinction starts at ∼60 pc and it increases gradually up to a distance of 250 pc, reaching a mean value of 0.3 mag. This value is close to the extinction created by the general Galactic dust layer predicted by the exponential Parenago formula with the coefficients: A 0 = 1.5 mag/kpc and β = 0.11 kpc (Parenago 1945 , Sharov 1963 , shown in Figure 1 .
(2) At distances >250 pc many reddened stars appear with extinctions between 0.5 and 2.0 mag. They are situated near the edges of the dark clouds. 
NOTES:
(3) The three most reddened stars, found in the area, are 107 (K0 II-III, A V = 3.54 mag), 54 (K0 II-III, A V = 2.70 mag) and 76 (G8 II, A V = 2.29 mag). All the three are very distant objects (r > 1 kpc), being seen through a lane of lower extinction near the +20
• declination circle, separating the L1454 and L1457 dust clouds. The star 76 is seen only at 5 ′ distance from the well-known T Tauri type star WY Ari. Other four T Tauri type stars are in the same lane.
(4) There are 21 stars with distances >1 kpc in our sample, including the three stars described above. All these stars are seen through more transparent cloud sections, exhibiting extinction values between 0.5 and 3.5 mag. At these distances, the stars with larger extinctions are too faint to be detected with the present limiting magnitude. (5) Figure 1 also shows the curve, corresponding to a limiting apparent magnitude of V = 12 mag and the absolute magnitude M V = +1.0. This value of M V corresponds to K-type giants, which are most numerous absolutely brightest stars in the area. Above the limiting curve, a strong selection effect takes place: K giants, as well as absolutely fainter stars, with larger extinctions are too faint to be included in the present program. Above the curve only some stars of fainter apparent brightness or absolutely brighter than M V = +1.0 are present.
We confirm Luhman's (2001) conclusion that the Aries cloud cannot be closer than 200-250 pc. In this distance range there is only a gradual increase of extinction related to the general Galactic dust layer. Only a small hump of extinction from 0.2 to 0.4 mag at 140-160 pc may be suspected. It may be related to an extension of the Taurus dark cloud complex to the Aries area. The first considerably reddened stars start to appear at 250 pc. However, this does not mean that the dust cloud begins there. The reddened stars at this distance may appear due to accidental negative distance determination error: at 310 pc the rms error is about ±60 pc. Consequently, the dust cloud may be situated at 310 pc distance or even farther.
Another estimate of the dark cloud distance is the distribution of stars with low reddening. The stars near the Parenago exponential curve disappear at ∼410 pc, what means that the dust cloud rises their positions in Figure 1 upward at a distance of 410 -70 = 340 pc, here 70 pc is the distance rms error at 340 pc. This distance is not very different from the value obtained from the considerably reddened stars discussed in the previous paragraph.
Consequently, our study gives evidence that the dark cloud distance is between 310 and 340 pc. As a preliminary value, the distance 325 pc may be accepted. Since the angular diameter of the dust cloud is about 2
• , at this distance the true diameter is ∼11 pc. Probably, its radial extent is of the same order. The distance from the Galactic plane at b = −34
• is ∼180 pc. These values should be considered as preliminary, since it is not excluded, that in future some reddened stars at the distances closer to the Sun will be found.
Zimmermann & Ungerechts (1990) , Pound et al. (1990) and Moriarty-Schieven et al. (1997) from the observed equivalent widths of radio lines of 12 CO and 13 CO molecules have determined the mass of the Aries cloud, which ranges between 30 and 200 M ⊙ , assuming a cloud distance of 65 pc. If we place the cloud 5 times farther, it becomes much more massive, 750-5000 M ⊙ . Even this new mass is still too small in comparison with the virial mass estimated by the same authors, assuming virial equilibrium between the gravitational potential and the kinetic energy. This means that the mass of the whole cloud is not sufficient to bind it gravitationally. A considerable fragmentation is found in the cloud with different clumps having different velocities.
In our earlier paper (Straižys et al. 2001b) , we have plotted a polar diagram "distance versus galactic latitude" for the Galactic anticenter direction with positions of the investigated dust clouds in Taurus, Perseus and Aries. The Aries cloud in this diagram was plotted at the wrong distance from Hobbs et al. (1986) , relating it to the Taurus complex. In reality, the Aries cloud is so distant from the Galactic plain, that it hardly can be related both to the Taurus and to the Perseus dust layers. Its radial velocity, determined from radio lines of CO, is also different (Ungerechts & Thaddeus 1987) .
In a distance range of 250-400 pc, i.e., within the error box of the cloud distance, the following 11 stars have extinctions A V larger than 0.8 mag: 66 (F5 V), 93 (G0 IV-V), 126 (F0 V), 149 (F6 V), 119 (F0 IV), 26 (F6 V), 39 (G5 IV), 116 (M1 III), 139 (G7 III), 62 (G2 IV-V), and 146 (F4 V). These stars are candidates to populate either the dust cloud or the close vicinity behind it. It is important to find their precise distances by increasing the accuracy of their absolute magnitudes. Also, these stars should be verified carefully for the presence of secondary components. In this respect, radial velocity measurements would be helpful.
On the other hand, a more exact determination of the cloud distance may be obtained by increasing the number of investigated stars, i.e., by shifting the limiting magnitude of the program to fainter stars. The program also should include more stars projected onto the dark cloud.
Additionally, in the present study we have detected about ten stars with unusual photometric properties. Due to peculiar energy distribution, they cannot be classified from their photometric Qparameters. Short information about these stars is given in the Notes to Table 1 . Probably, the majority of them are unresolved binaries. However, in some cases other causes of their peculiarity may be responsible. For example, the star No. 16 seems to be a metallic-line star, No. 69 photometrically is most similar to a R-type carbon star, and No. 95 may be a F subdwarf.
Additional information on the amount of dust in the cloud and its properties can be obtained by polarization studies of the stars. Andersson (2002) has made polarimetry in the R passband for almost all stars of Table 1 . Smaller number of stars has been measured earlier by Bhatt & Jain (1992) , Leroy (1993) and Andersson & Wannier (1995) . The stars of our sample with the largest color excesses exhibit the largest polarization (up to 3.7%). The heavily reddened stars found in the study may be used in future for more careful investigation of interstellar reddening and polarization law in the dust cloud.
